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Translational dynamics of water in a nanoporous layered silicate
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Neutron time-of-flight and backscattering spectroscopy have been used to study the translational diffusion of
water molecules in the unusual layered material AMH-3, which consistgenflitelike) three-dimensionally
nanoporous silicate layers spaced(blaylike) interlayer regions. The synthesis of AMH-3 and its character-
ization by ?°Si NMR, Raman, and infrared spectroscopy, are described. An analysis of quasielastic neutron
scattering(QENS spectra using the random jump diffusion model reveals two translational diffusive motions
clearly separated in time scales: a fast prod@s 10° m?/s at 300 K, and a much slower proce$p
~101 m?/s at 300 K. Considering the structural model of AMH-3 and the transport properties extracted
from the QENS data, it is suggested that the slower motion corresponds to diffusion by water molecules in the
interlayer spaces whereas the fast process involves diffusion in the silicate layer. This first investigation of
transport phenomena in nanoporous layered silicates like AMH-3 indicates that they have the potential to offer
mass transport properties different from zeolite materials and layered clays.
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I. INTRODUCTION mer. Additionally, nanoporous layered materials are interest-

Crystalline nanoporous materials like the aluminosilicate"d model systems in that they provide two well-defined, and
zeolites are of technological importance as molecular sieve®0ssibly interacting, environments for confined transport of
nanostructured host materials, and selective catalysssa  molecules.
result, there are a number of investigatibriof the struc- An example of a nanoporous layered material is the re-
tural and transport properties of guest-host systems consistently reported layered silicate AMH<&ig. 1).° It contains
ing of molecules such as water, permanent gases, hydrocgrerous silicate layers with eight-membered rings in all three
bons, and other industrially significant molecules confined irprincipal crystal directions. The as-synthesized material has
nanoporous framework materials. Layered materials comthe unit cell formula NgSrSisO76-16H,0 and contains
posed of nonporous oxide layers spaced by hydrated iongbout 9% water by magd6 water molecules per unit cgll
are also currently of interest as model systems to investigatéhe water molecules are distributed in equal numbers over
the diffusion of molecules, particularly water, in confined two adsorption site¢S1 and &) located near the sodium
environment$-8 They have also found applications in the (Na") and strontium(Sr*?) cations. The sit&l is located in
development of nanocomposite materials with enhanced mdhe interlayer space, where&2 is located within the porous
chanical and thermal stability. On the other hand, a small butayer. The nearest neighb8t-S1, S2-S2, andS1-S2 crystal-
growing number of nanoporous layered matefidfshow  lographic distances are 4.3, 3.8, and 3.5 A, respectively. Wa-
potential for new technological applications. Like nonporouster can diffuse within the interlayer spaces and within the
layered clays, they are composed of oxigeg., silicate or porous layers. A transport path between interlayer regions is
aluminophosphajdayers spaced by metallic or organic cat- also available through the layetia diffusive jumps between
ions. However, the individual layers contain pore spacesl andS2 sites. Thus, it is expected that diffusion in AMH-3
similar to zeolites and other nanoporous frameworks. An imwould show significantly different characteristics in compari-
portant potential application of these novel materials is basedon to porous framework materials like zeolites and layered
on exfoliating the layers and processing them with polymersglay materials. In this paper we present an experimental in-
to produce thin nanocomposite membr&réshat combine  vestigation of jump diffusion processes in this technologi-
the molecular sieving properties of the nanoscopic layersally important class of new materials, using the AMH-3/
with the processability and mechanical strength of the polywater complex as the model system.
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Porous Silicate Layer with a MAS probe at room temperature. Cross-polarization
(CP) was performed with 41.7 kHz Hartmann-Hahn match-
ing for 2 ms, and a fus proton pulse, spinning at 2500 Hz.
The chemical shift anisotropy of each site was determined by
spinning at 900 Hz and fitting the sideband intensity pattern
utilizing the MAS fitting tool of Bruker XWINNMR soft-
ware.

For neutron scattering measurements, the sample was dis-
tributed as a~1 mm thin layer over one half of an aluminum
foil. The other half was folded over the sample and closed at
the edges to produce a waferlike sample. This formed the
inner lining of a cylindrical aluminum sample can, which
was sealed under helium with a lead O-ring. A closed cycle
refrigerator maintained the temperature to a precisiort bf
K. Time-of-flight measurements were performed on the disk
chopper time-of-flight spectrometér(DCS) at NIST, oper-
ating at an incident neutron wavelength of 9 A, giving a
resolution~22 ueV in terms of the full width half maximum
(FWHM). Backscattering spectra were measured on the

FIG. 1. Structure of AMH-3 viewed dowf001], showing the high-flux backscattering .spectroméfer(HFBS) at NIST’
porous silicate layers and the interlayer spaces. Water molecules aYch an energy transfer Wlndow of i?,@_ev and a resolutlon_
on adsorption siteSL (bound to N& and St2in the interlayerand ~ ©f ~1 n€V. Data reduction and analysis was performed with
2 (bound to N4 in the laye}. There are eight water molecules per the DAVE'® package. The spectra were normalized to the
unit cell (of volume 2.145 n) in each type of site. Jumps between P€am monitor and a detector efficiency correction was ap-
Sl sites can occur in the interlayer spaces, and bet@esites in ~ Plied using a vanadium standard. In the case of the time-of-
the porous layers. ABL-S2 jump is also possible through an eight- flight data, detectors showing strong diffraction from the
membered ring of the porous lay@ashed arroy Crystallographic ~ crystal structure were masked during reduction. Resolution
nearest-neighbor jump distances are given in the text. functions of both spectrometers were measured using a va-

nadium standard, and were each well fitted by two Gauss-

The paper is organized as follows. In Sec. Il we describd@ns-
the experimental details of AMH-3 synthesis and character-
ization. In Sec. lll, we present a brief discussion of the syn-
thesis of AMH-3 including an exploration of the synthesis
parameter space. In Sec. IV, we characterize the material by To ascertain the region of compositional space in which
an assignment of it&Si NMR, Raman and infrared spectra. AMH-3 can be obtained, and to explore the possibility of
The water transport properties of AMH-3 are then studied inobtaining new structural materials related to AMH-3, we
Sec. V by a combination of neutron time-of-flight and back-have varied the synthesis parameters systematically. The syn-
scattering spectroscopy to probe water diffusion processebesis was carried out using the previously reported
over a~1-500 ps time scale. It is shown that in contrast toproceduré. The molar composition of the synthesis solution
clays and zeolite materials, there are two translational jumpvasx TiO,: 10 SiO,: y SrCh: zNaOH: 675 HO, wherex, y,
processes observable by quasielastic neutron scattering, and z were varied to generate 15 different compositions.
the nanosecond and picosecond time scales, respectively. \Wewder x-ray diffraction patterns were taken for preliminary

Inter-layer Space

Ill. SYNTHESIS OF AMH-3

summarize our conclusions in Sec. VI. characterization of the phases obtained. Figure 2 summarizes
the synthesis parametric investigation. We find that the pres-
Il. EXPERIMENTAL DETAILS ence of a titanium species is critical for the formation of

AMH-3, although the material itself contains no titanium.
AMH-3 was obtained as a crystalline powder using theAdditionally, there are windows in the parameter maps
synthesis and purification methods described reckrigge  where one can synthesize crystalline AMH-3 along with an
also Sec. Ill. Raman spectra were obtained using a Brukemmorphous phase which can later be separated to give pure
FT-Raman equipped with an Nd-YA@O064 nn), an incident ~ AMH-3. Certain combinations of the parameters led to the
power of 100 W, and averaging of 400 scans to a singldormation of other crystalline phases. One of these phases,
spectrum. FT-IR spectroscopy was undertaken with a BrukeAMH-2, is a new open framework titanosilicate whose struc-
Equinox 5 spectrometer, using a resolution of 4trand ture has been solved by single-crystal x-ray diffraction and
averaging of 50 scans to a single spectrum. Samples weigill be reported elsewhere. Another unknown crystalline
prepared as KBr pellets of 12.5 mm diameter using approxiphase has been obtained, but its structure has not been solved
mately 1 wt % sample. Th&°Si CP/MAS NMR spectrum so far due to the absence of sufficiently large single crystals
was collected on a Bruker DSX300 spectrometer with aand the presence of impurity phases that complicate its struc-
MAS probe at room temperature. The 29Si CP/MAS NMRture solution by powder methods. A further investigation is
spectrum was collected on a Bruker DX300 Spectrometecurrently underway to explore the parameter domains which

104301-2



TRANSLATIONAL DYNAMICS OF WATER IN A.... PHYSICAL REVIEW B 71, 104301(2005

(a) TiO2 : SiO2 : NaOH : SrCi2 : H20 Q3 (S13 + SM): anisotropic
x :10 :14 ly : 675 2
Q3 (Si1) : axially symmetric
oS
Yy Tz:?ge:t?;e'cpir::.:se § Q4 (Si2): isotropic

AMH-3
+ amorphous phase

1.0-

¥ T T T T
-80 -85 -80 -95 -100 ppm

FIG. 3. 2%Si solid state CP/MAS NMR spectrum of AMH-3.
0.0 - ETS-4

fitted the chemical shift anisotropies of th&Si nuclear sites
T 7 Y T 1 » to verify our previous assignments. Depending on the local
0.0 0.25 05 075 1.0 X site symmetry, the chemical shift may be anisotropic with
respect to the orientation of the crystals in the applied mag-
. . . . . netic field!” Therefore, the chemical shift anisotropy gives
(b) TIO2: Si02: NaOH : SrCl2 : H20 valuable information regarding the local symmetry of the
x 10 :z 12 : 675 nuclear sites. We found that the93.5 ppm resonance is
totally isotropic, which corroborates the tetrahedral site sym-
metry of the Q4 siliconSi2). The next resonance at90.8
z ppm is axially symmetric with principal values 6f64.76
and —141.02 ppm. We have assigned this resonance to the
Q3 site Sil. This is due to the pseudo-mirror plane dissecting
Si2 and Sil sites, resulting in the Si3 and Si4 sites on each
side. This local symmetry at the Sil site leads to the axially
symmetric chemical shift anisotropy. The third and most in-
AMH-3 tense resonance at89.4 ppm is anisotropic with principal
+ amorphous phase values of—58.04,—74.34, and—136.89 ppm. We assigned
this resonance to the two remaining Q3 silicons Si3 and Si4,
which are topologically identical within the 4MR building
unit of AMH-3. The anisotropy of Si3 and Si4 is not surpris-
ing, considering that there is no local symmetry associated
with these nuclear sites.
! Figures 4a) and 4b) show the IR and Raman spectra of
0.0 025 05 075 10 X AMH-3. Vibrational spectra in the region of 200 to
1300 cm! are important tools to verify the structural fea-
tures of nanoporous framework oxides like zeolites, which
are typically determined by x-ray crystallograpiiy.® Zeo-
lites are built of interconnectefiTO,] tetrahedra(e.g., T
) i =Si or Al). The original IR band assignmetitsnake a dis-
may lead us to discover new layered materials and framegnction between external and internal vibrations of the, TO
work materials. tetrahedra. The vibrations due to the external linkages are
often very sensitive to the structural details. The band assign-
ments of the main IR bands for zeolite frameworks are sum-
marized in Table I. Akin to zeolites, AMH-3 is built of inter-
Valuable information about the local structure can be ob-connected SiO,] tetrahedra within layers, and these layers
tained by solid state CP/MAS NMR spectroscopy. We previ-are held together by the strontium and sodium cations be-
ously solved the structure of AMH-3 by powder x-ray dif- tween then?. It is therefore expected that rather similar as-
fraction methods and reported preliminargi NMR spectra signments of vibration bands can be made. The assigned
that were consistent with the structural model. There ardands of the Raman and IR spectra of AMH-3 are listed in
three resonances at89.4, —90.8, and—93.5 ppm(Fig. 3 Table Il, which also summarizes the structural information
with an intensity ratio of 2.11:1.28:1.00. We have previouslyand factor group analysis. Despite the absence of zeolitelike
assigned the two lowest chemical shifts to the three Q3 silidouble rings(e.g., D4R and D6Rin the AMH-3 structure,
cons and the highest to the Q4 silicdm this study, we have there are bands between 650 and 500'ciWe have tenta-
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FIG. 2. Synthesis parameter maps with respectajorelative
amounts of titanium and strontium, afio) relative amount of tita-
nium and sodium. AMH-2 is an open framework titanosilicate.

IV. NMR AND VIBRATIONAL SPECTRA OF AMH-3
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(@ 0 - terminal SiO-H (silano) stretching band which occurs in
zeolites at~3720 cm? is consistent with the structure of

' AMH-3 previously determined by powder x-ray
\_f\ diffraction 2% According to this structure, the terminal oxy-
gen anions of the porous layers are balanced by the strontium

and sodium cations in the structure, so that a significant num-
ber of hydroxyl groups do not exist in the material.

n
«
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V. WATER DIFFUSION IN AMH-3

The quasielastic neutron scattering model used in this

0 ‘ , ‘ study is the random jump diffusiofRID) model, which has
400 600 800 1000 1200 1400 been found to describe the dynamics of water in pure form as
Wavenumber (cm™) well as confined in mesoporous glasses, zeolites, agueous

polymer solutions, clays, and on protein surfa®e$®In the
RJD model, a molecule resides at an adsorption site for a
time 7, followed by a jump to a neighboring site, with a
0.04 1 random distribution of jump distances. During timg the
molecules also undergo vibrations and rotations around the

(b) 0045

o
o
@
o

adsorption site. If the rotational and translational motions are
0.03 1 assumed to be uncoupled, the intermediate scattering func-
0,025 tion is 1(Q,t)=W(Q)FR(Q)F'(Q).21-26 The first term is the

isotropic Debye-Waller factowW(Q)=exd-U?Q?/3]. Rota-
tional motions can be described approximately AS}(Q,t)
0015 1 =j%(Qb)+3j4Qb)e 3 ®rot+-.. where b is the O-H bond
length (~1 A) and 7ror is the relaxation time for reori-
entations’’ The translational part of the intermediate scatter-
ing function in the RJD model is F'(Q)
=exg-T'(Q)t], with I'(Q)=DQ?/(1+DQ?r,) being the half-
width half maximum(HWHM) of the quasi-elastic part of
the spectrum. The diffusivityD) associated with this jump is
FIG. 4. (a) FTIR spectrum of AMH-3.(b) FT-Raman spectrum related to the mean-square jump lendth=6D7,. Trans-
of AMH-3. forming 1(Q,t) to the energy-transfer domain, the dy-
namic structure factor S(Q,E)=W(Q)[j§(Qb)L(F(Q))
tively assigned these bands as due to the single fourt3j5(QOL(I'(Q)+1/37roy+: ] is obtained, wheré is the
membered ring$S4R) within the layers. Since typical vibra- €nergy transfer. Considering only the first two terms of this
tions of cations in the zeolites are in the far-IR regionéxpansion, the structure factor is found to be a sum of two
(200-50 cm), we have assigned Na-O stretching modes td-orentzian functions. The first hasdependent half-width
the bands below 300 cth(Refs. 18—2D The bands between 1'(Q) arising from translational motion, while the second has
400 and 300 cit were assigned to Sr-O stretching modes in& half-width ofI'(Q) +1/37zoy, due to both translational and
the [SrO6] octahedra and pore opening modes of the eightrotational motions. If theQ-range is chosen to be low
membered ring$S8R.1820 The inset of Fig. 4) shows the (<1.0 A™%), j; and higher order terms are small in compari-
near-IR region of the spectrum. There are two distinct hy-son to the time-independent tefd?8 Thus the experimental
droxyl stretching modes of equal intensity at 3561 andconditions can be chosen to minimize the rotational contri-
3645 cm?, respectively, suggesting the existence of twobution to the quasielastic scattering and probe the transla-
sites(S1 andS2) for bound water. The complete absence of ational dynamics, which is of primary interest here.

Raman intensity (arb. units)
o
[=]
n

o
o
-

0.005

80 280 480 680 880 1080 1280 1480
Wavenumber (cm™)

TABLE |. Band assignments in framework oxide materials.

Internal tetrahedra External linkages
Band(cm™) Assignment Bandcm™) Assignments
1250-950 Asymmetrical stretch 650-500 Double ring
720-650 Symmetrical stretch 300—-420 Pore opening
420-500 T-O bend 750-820 Symmetrical stretch
1050-1150 Asymmetrical stretch
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TABLE Il. Assignment of vibrational spectra of AMH-Zpace 01
groupC2/c (No. 15; 174 total atoms in the Bravais cell; 171 pre-
dicted vibrational modes; 87 Raman mo@é3A,+44B,) and 84 IR
modes(42A,+43B,); no inactive or coincident modgs

FT-IR  FT-Raman Assignments §
120 S(Si-0O-Si bending mode E
and »(Na-O) =
152 “
162 0
202 .
222
251 “ 0.07
“ m 300K
278 ) 0.06 { (pmm &
293 v(Sr-O) or pore openingdS8R
332 “ 0.05 | *
370 ‘ s .-
421 420 &(Si-0O) bending mode E
~ 0.03 o/ @
449 444 “ .
469 v¢(Si-O-S) in S4R 0.02
494 482 “ 0.01 |
525 513 “
600 609 v4(Si-0) symmetric stretcHS4R % o2 " o oo : T
648 v¢(Si-O) symmetric stretch Q*(A?)
680 661 “
702 702 FIG. 5. (a) An example of the QENS spectrum from DCS show-
ing measured data and fitted compone(tis HWHM of quasielas-
725 781 tic spectral component measured on DCS at two temperatures. The
793 800 v4(Si-O) symmetric stretching fits to the RID model are also shown as solid lifefser convolu-
(external linkagg tion with the instrumental resolution functipn
820 “
882 “ model mentioned above was also fit to the data WittD)
995 999 1,{Si-0) asymmetric stretching and 7ot as fitting parameters ariol held constant at 1 A.
« These fits invariably resulted in very large values s
1049 1026 . . 0 .
1018 1072 (i.e., the rotational contribution to the half-width becomes
negligible andI'(Q) converging to the same values as in the
1084 case of the one-Lorentzian case. Figuta Shows the over-
1122 all fit and the three components. The high quality of the fit is
1155 “ indicated by the values of (typically below 3.5. The data
1649 H-O-H scissoring mode, adsorbed water from the sample heated to 373 K are also fitted in a similar
3561 O-H stretch, adsorbed water manner and show no qualitative differences from the data
3645 O-H stretch. adsorbed water measured at 300 K. Figurgl§ presents the HWHM of the

quasi-elastic component as a function@for the two tem-
peratures 300 K and 373 K. The increasd olvith increas-
Figure 5a) shows an example of time-of-flight spectra ing Q reveals the existence of a fast translational jump dif-
taken on DCS at 300 K. To reliably probe any fast translafusion process consistent with a distribution of jump lengths.
tional motions on the picosecond time scale, we use an inciFigure 3b) also shows the best fit curve of the RID model
dent neutron wavelength of 9 @or a high energy resolution with the parameters in Table III.
and a reasonably high neutron fluince we are primarily Figure §a) shows an example of backscattering spectra
interested in the translational dynamics, the data analysis imeasured on HFBS at 300 K. For the data analysis, we use
confined to seven spectra wilR=<1.05 A1 so that rota- seven spectra from detectors 6-12, corresponding)o
tional contributions can be neglected. A resolution-broadenee- 0.5-2.0 A2, The spectra measured at 300 K could not be
delta function models coherent scattering contributions. Aaccurately fitted using only one quasi-elastic component.
linear background is also included. The quasielastic compoRather, they are well fitted by a combination of a narrow and
nent is initially fitted with a single Lorentzian function, a broad Lorentzian. The HWHM of the narrow Lorentzian
which gave an excellent fit to the data. To verify that thecomponent[Fig. 6(b)] corresponds to a slow translational
rotational contribution is negligible, the full two-Lorentzian diffusion process. The HWHM of the broad compongfiy.
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TABLE lll. Dynamical parameters for water in AMH-3 as extracted using the random jump diffusion model. Error estimates are given
as uncertainties in the last reported decimal digit.

T (K) Fast diffusion Slow diffusion Rotation
D (m?/s) 70 (P9 I (A) D (m?/s) 70 (n9) I (A) 7roT (P9
300 2.q5)x 10°° 9.07) 3.37) 3.24) x 10711 0.467) 3.055) 15.817)
373 3.16)x107° 7.7(7) 3.89) 7.38)x 1011 0.359) 3.913
433 8.45)x 10711 0.133) 2.6(3)
0.008
6(c)] shows no systemati® dependence, indicating that it Q=12A"1 i
originates from a rotational motion. However, the spectra (a)

collected at two higher temperatureg&73 K and 433 K are
well fitted by a single Lorentzian which corresponds to the ;
narrower component of the 300 K spectra and broadens a3
the temperature increases. The temperature dependence &
pears to follow a non-Arrhenius behavigFig. 6b) and
Table 1ll]. The previously observed broad component no
longer appears as a quasielastic contribution to the spectre=
presumably because its HWHK&lready comparable to the
energy transfer window of HFBS at 300) Wroadens out
further at higher temperatures so that it is no longer visible reeed ‘
on HFBS. This rotational component is avoided in the DCS 10 0 10 20 30
measurements by choosing an appropriate wavelengti@and
range, as described earlier. In addition, the HWHM of this 4
component is comparable to the resolution of the DCS in- 0300K a373K  0433K
strument, so we do not expect to be able to observe it reliably
at any momentum transfer on DCS. The average HWHM of 2
the broad component at 300 K is calculated and used tc
extract the rotational relaxation timgo The HWHMs of s
the narrow component are fitted by the RJD model to yield fz’
the corresponding diffusivities, residence times and root-
mean-square jump distanc€able IlI). All the HFBS spec-
tra are fit with y><2.5. The RJD model is one of several (b)
closely related jump diffusion models for characterizing wa-
ter diffusion. Other models like the fixed jump diffusion
modef® or the Gaussian jump diffusion modetan also be 0.0 03 0.6
used to interpret the data. However, in practice the different
models give qualitatively similar results, especially within
the moderately lowQ values used in the present study.

Based on the data and fits of Figs. 5 and 6, it is clear that
there are two different translational jump diffusion processes 5 \ * + + +

its)

ni

ntensity (arb.

with similar length scales but widely separated in time
scales, whose characteristics can be estimated by the RJ _
model parameters given in Table Ill. Previous QENS and wa
molecular dynamics simulation studie®of water in layered =
oxides (containing a monolayer of water molecules in the
interlayer spacegsagree that the translational motion of inter- 5
layer water is about an order-of-magnitude slow&

~101m?/s) than in bulk water(D~10"° m?/s at 295 (©)
K).3! This is because the interlayer cations and the negatively o
charged terminal oxygen atoms of the oxide layers form 0.0 0.3 0.6 0'902(,&-2)1'2 15 1.8 21

strong bonds to the water molecules, resulting in hydration

shells with a large water residence time and low diffusion  FiG. 6. (3 An example of the QENS spectrum from HFBS
coefficients compared to bulk wate? In the interlayer  showing measured data and fitted componefsHWHM of the
spaces of AMH-3, the above effects can be expected to bgarrow quasielastic component observed on HFBS at three tempera-
amplified becauséa) there are 12 cation@including eight tures. The fits to the RID model are shown as solid liater
divalent strontium cationsor every 8 water molecules, and convolution with the instrumental resolution functjofc) HWHM

(b) there is a negatively charged terminal oxygen atom forof the broad component observed at 300 K.
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every water molecule. As a result, water is likely to bindited with a high degree of out-of-plane orientation on a sub-
strongly to the cationgespecially the divalent cationgnd  strate. Similarly, a force field parametrized for structures like
terminal oxygens. Hence, it seems logical to assign the obAMH-3 (with particular attention to the assignment of ionic
served slow diffusion and high residence time to the wategharges would allow simulations of water diffusion in
molecules in the interlayer spaces of AMH-3. The jump dis-AMH-3 to be performed, for a comparison with experimental
tances(2.6-3.9 A, Table Il) extracted from the fits at differ- results such as reported here.
ent temperatures are also reasonable in comparison to the
nearest neighboE1-S1 crystallographic oxygen-to-oxygen
distance(4.3 A) in AMH-3. The situation in the porous layer VI. CONCLUSIONS
spaces is rather different. There are only 4 monovalent so-
dium cations for every eight water molecules. Figure 1 .
shows that although the porous layers and interlayer spacf i : o L
occupy about the same fractions of the unit cell volume, the' anosm.c.ate Fz)gef:ursor solutpn W'th.m a certain wmdow_of
porous layer is sparsely packed with cations and water mo[COMPOsitions=Si-NMR chemical shift anisotropy analysis
ecules when compared to the interlayer spaces. This leads 88d assignments of vibrational spectra confirm the previ-
to propose a high mobility for the water molecules in theOusly determined x-ray structure of AMH-3. The transport
porous |ayersy approaching that of bulk water at room tempropertles of AMH-3 have been given detailed consideration.
perature. The jump distance associated with this translationn particular, it has been shown experimentally by quasielas-
jump process is also consistent with the crystallographidic neutron scattering, that water in AMH-3 exhibits two
nearest neighbd®2-S2 distanceg3.8 A), while the residence translational jump diffusion processes with widely different
times are much lower than for water molecules in the intertime scales but with similar length scales corresponding to
layer spaces. jumps between water adsorption sites in the material. The
We also attempted to obtain molecular dynamics simuladiffusion properties extracted from our data, together with
tion data on water diffusion using two genera|-purpose interlhe details of the crystal structure, indicate that the two dif-
atomic force-field model®3 to further examine our pro- fusion processes can be plausibly attributed to fast diffusion
posed interpretation of water transport mechanisms ifD~10°m?/s at 300 K in the porous layers and slow
AMH-3. However, the crystal structures and vibrational diffusion (D~ 107t m?/s) in the interlayer spaces.
properties predicted by the two force fields are in poor agree-
ment with experimental data, strongly indicating that more
reliable force-field parametrizations are required for layered
materials like AMH-3. Given the small siZe-20 um) of the S.N. is grateful to the Georgia Institute of Technology,
platelike crystals obtained from the current synthesis proceNIST, and the University of Maryland, for financial support.
dure, only powder samples could be used in the presenthis work utilized facilities supported in part by the National
study. SinceS1-S2 jumps would occur perpendicular to the Science FoundatiodNSF) under Agreements No. DMR-
layers and interlayers where8%-S1 andS2-S2 jumps occur  0086210(NIST) and CTS-0327811UMN). In addition, the
parallel to the layers, these different types of jumps could balevelopment of th@®AvE software package is supported by
studied separatelyif crystals of the material can be depos- the NSF under Contract No. DMR-0086210.

The three-dimensionally nanoporous crystalline layered
icate AMH-3 can be produced from a sodium-strontium-
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